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Aim. The complication of nerve injury after greater saphenous vein stripping for varicosity is subjective, and a method for
objective evaluation has never been established. The aim of this study was to evaluate postoperative sensory changes by
quantitative assessment of current perception threshold (CPT), and to clarify the relation between CPT and symptoms.
Patients and methods. Between January 2003 and August 2005, 27 limbs in 18 patients were enrolled. Quantitative
sensory function was determined through CPTusing a Neurometer (Neurotron, Inc., USA), with which saphenous nerve
neural fiber selective minimum sensing values against three electrical stimuli (2000, 250, 5 Hz) were measured. CPT
measurements were scheduled on the day before the operation, and 2e7 days, 1, 3, and 6 months after the operation.
Results. An increase in CPT value of more than 20% or decrease to below 50% compared to the preoperative value with at
least two stimuli was defined as CPT abnormality. Subjective symptoms were observed in 13 limbs in the early postoper-
ative period, and 10 limbs showed CPT abnormality. In 6 limbs with a CPT increase over 20% with all three stimuli,
neurological symptoms continued for 6 months.
Conclusions. CPT evaluation provides an objective indication of neurological symptoms in the lower limb following
varicose vein surgery.
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Objective assessment.Introduction
Varicose veins are a common disease entity all over
the world. One of the established procedures to treat
varicose veins with sapheno-femoral junction reflux
is stripping of the great saphenous vein (GSV).1 Al-
though many patients undergo a stripping operation
to relieve symptoms due to varicosities, saphenous
nerve injury is a significant postoperative complica-
tion.2 Symptoms of nerve injury sometimes continue
for a long time, and are thus not negligible. Many re-
ports have been published about postoperative nerve
injury, the incidence of which was 4e50%.3e7 The
symptoms of saphenous nerve injury are numbness,
tingling and shooting pain/burning pain. The symp-
toms also present as hypoaesthesia, paraesthesia and
sometimes hyperesthesia. The typical location of the
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the calf. It has been reported that a selective stripping
procedure, in which the GSV is stripped from the
groin to just below the knee, reduced the incidence
of nerve injury,8,9 although one report did not show
a difference between selective stripping and full strip-
ping.10 However, a method to eliminate this complica-
tion has never been reported, perhaps because
a method for objective evaluation has not been estab-
lished. The symptoms of nerve injury are subjective.
The recent application of a unique transcutaneous
electrical nerve stimulator, which determines current
perception threshold (CPT), provides quantitative
assessment of sensory nerve function.11e14 CPT,
which is obtained as the minimum transcutaneous
stimulation intensity required to produce sensation,
is measured with a Neurometer (Neurotron, Inc.,
Baltimore, MD, USA), a neurodiagnostic transcutane-
ous electrical nerve stimulator. Peripheral nerve func-
tion has been evaluated by CPT measurement with
the Neurometer in many conditions with sensory
morbidity, such as carpal tunnel syndrome, pruritisved.
626 D. Akagi et al.in atopic dermatitis patients, and diabetic neuro-
pathy.15e18 The aim of this study was to evaluate post-
operative sensory change by quantitative assessment
with current perception threshold (CPT) measure-
ments and to clarify the relationship between CPT
and subjective neurological symptoms.
Patients and Methods
Forty-seven patients underwent GSV stripping opera-
tions at the Tokyo University Hospital between
January 2003 and August 2005. Patients were examined
and classified according to the CEAP system based on
clinical symptoms,19 The indications for stripping
of GSV were decided by the confirmation of GSV
reflux by duplex ultrasonography and the patient’s
desire to undergo an operation. Patients unable to
give informed consent, and those with a pre-existing
subjective or objective sensory abnormality such as
spinal canal stenosis, with diabetes or with a history
of lower limb operation were excluded. Thirty-three
patients agreed to undergo CPT measurements in
association with the stripping operation. After exclud-
ing patients who dropped out from the follow-up
course, 27 limbs in 18 patients who underwent greater
saphenous vein stripping were finally enrolled. The
patients’ profiles are shown in Table 1.
The surgical procedure was as follows; stripping
upward (from calf or ankle to groin), high ligation of
the sapheno-femoral junction and ligation of insufficient
perforating veins. Sometimes avulsion of varicose veins
around the perforating veinswas performed at the same
time.
Quantitative sensory function was determined
through CPT using the Neurometer. The electrode,
by which electrical stimuli were applied, was attached
to the skin just proximal to the medial malleolus with-
out skin changes, where neural symptoms are often
Table 1. Patients’ characteristics
Patients (n) 18
Limbs (n) 27
Age (years; mean, SD) 55 SD 11
Sex (M/F) 6/12
Preoperative CEAP Clinical grade Number of limbs
2 0
3 16
4 7
5 4
6 0
Stripping area, to groin from:
just below knee 13
upper half of calf 9
lower half of calf 2
ankle 3
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sensed the electrical stimulus or not. The intensity of
the stimulus was varied by the program of the Neuro-
meter, and CPT was determined as the minimum
value that he or she sensed (in milliamperes). With
the Neurometer, neural fibre selective minimum
sensing values for three electrical stimuli (2000, 250
and 5 Hz) to the saphenous nerve were measured.
Each frequency (2000, 250 and 5 Hz) corresponds to
neural Aß, Ad and C fibres, respectively, and neural-
fibre selective assessment can be performed. The Aß
fibre corresponds to touch sense, and the Ad fibre to
hot and cold sense and fast pain. C fibres sense slow
pain.
CPT measurements were performed on the day
before operation, and 2e7 days (early postoperative
period), 1, 3, and 6 months after the operation. CPT
values were measured for each stimulus frequency.
The percent change in CPT value compared to the
preoperative value was calculated for each stimulus
and used as an index (CPT change rate). The neuro-
logical symptoms were recorded at each time of
CPT measurement. Symptoms reported as discomfort
or a feeling that something was wrong were regarded
as numbness. Spontaneous strong pain was regarded
as burning pain. The severity of neurological symp-
toms was classified as ‘‘asymptomatic’’, ‘‘mild’’ and
‘‘moderate or severe’’ based on the patient’s subjec-
tive evaluation.
CPT values and CPT change rates are represented
by the mean and standard deviation. Statistical analy-
sis was performed by paired t-test. A p value <0.05
was considered significant.
Results
The measured CPT values and CPT change rates are
shown in Table 2. For each stimulus, the mean CPT
compared to the preoperative value increased in the
early postoperative period.
The limbs were classified by the CPT change rate
into three groups for each stimulus; limbs with an in-
crease in CPT greater than 20% were classified as the
high group, limbs with a decrease in CPT to less than
50% as the low group, and limbs with a CPT change
from 50% to þ20% as the normal group. The
number of limbs in each group (low, normal, high)
is shown in Fig. 1. At 2000 Hz stimulus, at 6 months
after the operation, more than half of the limbs
(56%) were in the normal group. About one-third of
limbs were classified in the high group during the ob-
servation period. At 250 Hz stimulus, the number of
limbs in the high group increased at 3 months after
627Objective Assessment of Nerve InjuryTable 2. Measured CPT values and percent CPT which was divided by preoperative CPT value (CPT change rate)
Measurement time after operation
Preop.* Early postop.** 1 month 3 months 6 months
CPT (mA) 2000 Hz 303 S.D. 143 319 S.D. 178 307 S.D. 115 293 S.D. 154 308 S.D. 166
250 Hz 76 S.D. 24 104 S.D. 58 91 S.D. 40 91 S.D. 57 81 S.D. 30
5 Hz 43 S.D. 24 60 S.D. 43 63 S.D. 46 56 S.D. 46 48 S.D. 27
Percent CPT 2000 Hz 100 114 S.D. 53 100 S.D. 51 101 S.D. 45 113 S.D. 63
(CPT change rate) 250 Hz 100 144 S.D. 75y 88 S.D. 48 121 S.D. 76 115 S.D. 48
(%) 5 Hz 100 190 S.D. 219y 121 S.D. 129y 159 S.D. 162 168 S.D. 223
Values are mean S.D. S.D.
* Preoperative period.
** Early postoperative period.
y Statistically significant difference compared to preoperative period ( p< 0.05).Eur J Vasc Endovasc Surg Vol 33, May 2007the operation. As at 2000 Hz stimulus, most of the
limbs recovered to normal later. At 5 Hz stimulus, at
3 months after the operation, the high and low groups
became larger, although more than half of the limbs
were classified into the normal group at 6 months
after the operation, as with the other stimuli. At 250
and 5 Hz stimuli, the number of limbs in the high
group was much larger than that in the low group.
When neurological abnormality of the limbs was
defined as a greater than 20% increase in CPT (high
group) or greater than 50% decrease in CPT (low
group) with 2 or 3 stimuli, 44%, 30%, 56% and 37%
of the limbs were classified as having neurological
abnormality in the early postoperative period, and
at 1, 3 and 6 months after the operation, respectively.
The relationship between subjective symptoms and
objective neurological abnormality as defined above
was evaluated. Eight limbs (30%) of 6 patients did
not have any neurological symptoms in the observa-
tion period. Subjective complaints of neurological ab-
normality were present in 37 to 48% of limbs at each
measurement point (Fig. 2). The number of symptom-
atic limbs gradually decreased with time. The CPT
change rate with all stimuli showed an increase in
the early postoperative period regardless of existence
of symptoms or degree of symptoms. (Fig. 3) The
relationship between CPT change and existence or
degree of symptoms seemed to become unclear as
time passed.
In the early postoperative period, subjective sen-
sory abnormality was recognized in 13 limbs (48%)
(Fig. 2). Among them, 10 limbs (77%) showed CPT ab-
normality defined as above with at least two stimuli.
In contrast, among 14 asymptomatic limbs, only 2
showed CPT abnormality with at least two stimuli.
In all of the 7 limbs with a CPT increase of over 20%
with all three stimuli, neurological symptoms oc-
curred and continued for 6 months, except in one
limb in which symptoms continued for 3 months. In
3 symptomatic limbs out of the 4 limbs with a CPTincrease of over 20% with two stimuli, neurological
symptoms disappeared within 3 months. CPT values
returned to the base level in these patients.
Two limbs in one patient had severe neurological
symptoms, with so-called burning pain at 3 months
after the operation. The CPT change rate in this
patient is shown in Fig. 4. At that time, the change
was less than 25% at 250 and 5 Hz stimuli. The sensa-
tions of fast and slow pain became hypersensitive.
The patient showed improvement of neurological
symptoms with only slight numbness at 6 months
after the operation, and the CPT change rate became
120e150% with all stimuli.
Discussion
Neurological disorders are considered to be subjec-
tive, so it is difficult to assess them objectively and
optimize treatment. Current perception threshold
(CPT) measurement is a method for objective mea-
surement of peripheral nerve function. CPT is applica-
ble regardless of sex, age and species, and shows good
reproducibility.20,21 So CPT measurement could be
applicable to the evaluation of postoperative neuro-
logical abnormality with stripping operations. How-
ever, how to deal with the obtained CPT values is
under discussion case by case. Rendell et al. and
Katims et al. suggested a scoring system using means
and standard deviations of CPT values to evaluate
median nerve sensory function.16,22 Normal CPT
data of the saphenous nerve can not be utilized, how-
ever, since there is considerable individual variation
in preoperative measurements. The purpose of this
study was to evaluate postoperative complications,
by analysis of the CPT change compared to the pre-
operative value (CPT change rate).
The CPT change rate was widely distributed for
each stimulus. In the early postoperative period, the
mean of CPTchange rate increased. At 1 and 3 months
628 D. Akagi et al.after the operation, the CPT change rate diverged
widely. This tendency suggests that most of the nerve
injury occurred in the early postoperative period, and
varied not only due to injury but also due to the
Fig. 1.Number of limbs classified into high, normal and low
group, indicating CPT abnormality according to CPTchange
rate at (A) 2000 Hz stimulus, (B) 250 Hz stimulus and
(C) 5Hz stimulus. *Preoperativeperiod, **Earlypostoperative
period.Eur J Vasc Endovasc Surg Vol 33, May 2007healing process of the nerve 1e3 months after the op-
eration, and reached a stable condition after 6 months.
It was reported that the neurological symptoms after
stripping operations improved with the passage of
time in many cases.5e7 This observation seems to be
consistent with the distribution of the CPT change
rate with time.
In this study, subjective neurological symptoms
occurred in about 30e40% of limbs at every measure-
mentpoint. The relationship between thepostoperative
CPT change and subjective symptoms was not clear.
The fact that sensory measurements were all obtained
from one reference point (the medial malleolus) might
explain the disparity between measurements and sub-
jective symptomatology, which could arise from injury
to saphenous nerve branches rather than the trunk.
Some patients with no symptoms during the obser-
vation period showed CPT abnormality. The discrep-
ancy might originate from the subjectivity of the
symptoms, perhaps because patients who had nerve
injury did not always experience neurological symp-
toms and from the variation in symptoms with time.
CPT abnormality determined by the CPT change
rate was not easily defined, and its definition requires
further discussion. The definition of CPT abnormality
was adopted partially by considering subjective com-
plaints and predicting the continuance of symptoms.
The number of affected neural fibres could indicate
the likelihood of continuance of symptoms. However,
postoperative saphenous nerve injury did not seem to
correlate with neural fibre selectivity. From the find-
ings on the CPT change rate at 2000 Hz stimulus,
touch sense might temporarily develop hypoesthesia
in many limbs and hyperaesthesia might develop in
Fig. 2. Number of limbs with subjective neurological symp-
toms after operation according to time course.
629Objective Assessment of Nerve Injurysome limbs. Cold sense and fast and slow pain sense
might also develop hypoesthesia based on the CPT
change rate in many limbs.
Many patients with neurological symptoms are re-
ported to have not only numbness but also sensory
loss. Most of the changes in CPT values showed an
Fig. 3.Mean CPTchange rate classified according to severity
of symptoms; asymptomatic (diamonds with straight line),
mild (squares with dotted line), and moderate or severe
(triangles with dotted and straight line) at (A) 2000 Hz,
(B) 250 Hz and (C) 5 Hz. Error bars show S.D. of CPTchange
rate.increase, indicating hyposensitivity. This result
indicates that sense became hyposensitive and could
be consistent with the subjective complaints as
previously reported.5,6
One patient complained of severe symptoms of so-
called burning pain. The CPT values in the patient
with burning pain decreased to about zero at 250
and 5 Hz stimuli. This means that the sense changed
to hypersensitive and the severe neurological symp-
toms suggested hyperaesthesia. The symptoms re-
solved later, and CPT values become higher than the
preoperative values for the three stimuli. The reason
for such severe symptoms was unclear. In this study,
symptoms occurred in only a single case undergoing
ordinary selective stripping operation. Severe symp-
toms appeared temporarily at 3 months after the oper-
ation. Other cases with severe neurological symptoms
should be analysed in the future.
In the present study, the operative procedures
could not be evaluated. Evaluation of the operative
procedures in cases with a low incidence of neurolog-
ical disorders is essential. The relationship between
operative procedures and CPT values including the
change rate is not still clear. There have been many
suggestions for reducing nerve injury with stripping
operations, such as selective stripping procedures,
the downward direction of stripping, and the use of
a rigid (PIN) stripper for inversion stripping.3,4,6,23,24
The results of these procedures could be assessed by
subjective symptoms as well as by CPT measure-
ments. Prospective randomised trials with CPT mea-
surements could identify procedures that reduce the
risk of neurological disorders.
Conclusions
CPT evaluation provides an objective indication of
neurological symptoms in the lower limb following
varicose vein surgery. Measurements made in the
Fig. 4. CPT change rate in limbs with burning pain.Eur J Vasc Endovasc Surg Vol 33, May 2007
630 D. Akagi et al.early postoperative period may predict long-term
postoperative neurological disorders.
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